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mm n 5/ o => y»K3ifflfcj&s§ft, 

*> { 1 00} MTl8)£$ft£rtiS£ttS$i:. CioifS 
*>rt«fcxe** isx>U$.mz£ OJMSftfcSSl OJII 

Kb? y'Jzfb&toLiiZ b ZftWib * 

m.. 10 
vwa ym^-^iffte^f ?comffi2 com 

< t t-iW, iarmskn { 1 0 0 } raxmEfrflts 

JfcO {001} BTCflWt3ivO>4£ i 

1 xiiimt&mmiismm. 

£ tHSW«. 4^0^*^ MSJftw { 1 0 0 } ffi 
Xli£M^L<li»R^Q:r*;&4 htffto { 0 0 

i ) mxm&ztix ^* i t Mi -t &n$ia 1 as 
i mm 5 ] mMmmtf-mx abo 3 x-m 

il. AtfBa.. Sr. C a*»4>$rS»J: oatfflfciK: 

< i: L 1 fflf* 0 . B(iT i.Zr, Hf. Sn, ( M 
gi/3 NI52/3 ) s (Mgi/3 Ta2/3 ) . (Zru/3 
Nb2/ 3 K (Zm/3 Tas/3 ), (Mgi/zTe 

1/2 ) . (Coi/2 Wi/2 ) . (Mgl/2 Wl/2 ) . 30 

(Mru/2 W1/2 ) , (Sci/2 Nbi/2 ) . (Mn 
1/2 Nbi/2 ) s (Sci/2 Tai/2 ) „ (Fei/2 N 
bi/2). ( I ni/2 Nbi/2 ) , (Fei/! Ta 
1/2 ) . (Cdi/3 Nb2/3 ) . (Coi/3 Nb 
2/3 ) . (Nil/3 N b 2/3 ) . ( C 01/3 Ta 
2/3 ) . (Nii/3 Tai/j ) frtjtc&WZ. VMilXiz 

1 1 isrc*s^or^'f bms&&fre>%?>z 
t wmt timrn 1 m4tm&mwtmm. 

^^■v^mimzi. mmztix^hz t &mti-& ao 
mm i m. 5K««vm»*K«ssa. 
[ mm 7 j mm* **** omi% 2 mmyy^ 
Ktk-rn 1 . fctrmftn ! 1. 00 1 ffixix&rjm 

m. e ww^msmm. . 

imW8 3 ! 1.00} M'CfllfRSixfc«IWS:*1-& 
is*) n vittKlfcxtf ? ^-\4*|t,J: O^BKS^x. 
il.tuKttifiM ! 1 0 0 I SBXttlE^iBittiWiO 10 0 1! 
rniT'^J^^i't.^ilifii&W1-&*B l eO^EIiJji: , .1 <7.>*PS 1 «9 
?B«>'tfJ|!!W$:?g-5 J: ltzxK?*is*/\,®.mX VMS 50 
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SiifcHMMMHi: . Z 0msm&it LXmsdM 1 com 

h7 vvx? t mtttiz i swat 

atf h u-< yms^-^rJiMfi^ -v^'>-^<7)Htiiem 1 x. 

CI«*JM 1 0 3 |JE4f +A^^cr)HineiM(*^>^ 
< i: i-S5*«. i* H H D ^n^^-< hfe B B (7) {10 0} 
iBXI4jEfirflKt<«Jltt^o^^-f {00 

1 1 iB-cfl»*sii.r^*;fc*«rai-f*ii»«fl8x« 
[ i«5|<xh i i 3 «fflam«He!H*«— «sc a b o 3 xm 

iX, AliBa, Sr. C a*»4»*4»J: OiMfiitt^ 
<HlIt*Ds B<iTi s Zr, Hf, Sn, (M 
gi/3 Nb2/3 ) , (Mgi/3 Taj/3 ) . (Zni/3 
Nb 2 /3 ) . (Zni/3 Taa/a ) s (Mgi/2 Te 

1/2 ) „ (COI/2 Wl/2 ) s (Mgl/2 Wl/2 ) , 

(Mm/! Wi/2 ) s (Sci/2 Nbi/2 ) , (Mn 
1/2 Nbi/2 ) s (Sci/2 Tai/2 ) . (Fei/2 N 
bi/2 ) . ( I ni/2 Nbi/2 ) . (Fei/2 Ta 
i/2 ) . (Cdi/3 Nbj/3 ). (C01/3 Nb 
2/3 ) , (Nii/3 Nb2/3 ) , (C01/3 Ta 
2/3 ) . (Nil/s Ta 2 /3 ) *>^>5flr6»J: Vmmxtz 
t i lSit'ifc-5^n-/X^^f b$mtto»?%Z>Z 

k. mmt thmm 8jm 1 o mm<o^m\mmm 
a. 

[ mm 1 2 ] mem 2 Mtmi . mmwmtit 

0 jfM tztix v ^ z b mm 1 1 & wms 1 1 se 

=S:< i t>-i ±tHmSfi) 110 0} BBXtilDiift 

{ o o i i ffin»BR$*n:^sr t*»ai:Trs 
mm i 2 iB«^s?*ttH^a. 

<0 ! 1 0 0 } ffi-CffifiJc^^crNM^flrl-S^SrffM^S 
Z8.b . ;^at<Ort»fcxU^4fi/-v;k'jR^t:J:i3ff 1 

1 o 8imHcii«r«fiW&x^fc , w rtm&m±.m 2 

«ae* t fiKRt& J: i tflfi l J^*Hi:6X«ili: . TPKCS 205 
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fcfctfc, Cflh?Vs;**fcfMe82«tflifii:£1B« 

[fM 1 6 ] IHE82a«&£ti£SrattHU:<cx 
Jfl 1 4X111 5Ktt<0^ftEtt^ralUft£&. 

<0 < l 0 0 } AW£Wt£SS 1 cnffiZB 

-wHfc&fc: i 0 . MESS 1 coMmHii' 'J n v<n < i 

o o i mxiiii&ZKKmizmithmtfirMhs&shco 
<ioo) MX<iiE*^if B «o i o o n mk%& =t a 

t ixmzm l^'Jn vffitK£x Z>Z 

i«»«(^t»2owii*iinE»2<o» , B*«w>ao 

i mm i s i mm lo^ya 
uiHfc*MU:!B2oS'y 3 yas^sr, msmmicm 

nw. ®m,2<?)i/V3y : &®.zm<th~iM.t. m< 
Ucmi&F,2<o-> y 3 y^mz V 5 yisx?m&th 
1 1 Liz. z<Dh yy'Jx? hmflW,\ XJ4S20WS 

tznm^m^ht^Atm^mmmkmzmi 
*fcc t sit»ti-si8*Ji 1 Tte^co^ii^ieig^s 
mm 1 9 1 mm2mmmi3m*®±.izx. 

m 1 7 X*4 1 8 e»(0¥9McettSSH(0SIIi5^. 40 
[0001] 

[W9W>BW*ttflWH»] **»4. ^n/;uM MB 
[0002] 

[f^^ttij jB3»c. sagaa^ ixwmvmmzm 

y . • SUitTic^fflitS ire n & . BfflWSHW 50 
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#3g<. DRAMM*£i«SS<7)«&&^ MAUiU^ 
flfiTA4«rif<0l*a*-J*o. I t' y K0^*y-b 
/U$r— ?co h 5 yVX 9 1— ofiO^UIlgfrJf •v-'^v^r' 

[0003] 3sim*^ * v tmiKmrnwrnmiz 
§ v ^ t . 8HB#fi«ft«flffl«f* **i«niBT* * i t < y 

[0004] M^'lf*W-lt ±t UT 

nyKf-^vKiS (PZT) *»ffl^fe*irv^*. PZT 

VWCiRlstSi fQ'fMmi LTflWiT 

^JKOK^jOK < *jl 'J -ififfi) * f 3 0 0°CUiiiit$x 

2 0'CWT) t'(4. taiS$ix^F*l^* { »it J: oT^febii 

[0005] LfrVWfih. P Z T«oWW:aBl*i^ia 

T**i8tt 5 0 OXlEUi-CJRJSL^t < , 
OIEfil^cS'J mm H\ SdlZ . I 3 Z T(4^ a -/^ 

(cit-ffl l,fcJ»#(cti, ±«^-eft 4«B«^ y ^ y 

[0006] pzt\?mx'I,a+? yltA-y r>^ < b & t 
i 03 ) mmmt£*mmt vx-mtix^i. •?? 

yW< 'J AI4 P Z T t |SI b < ^n/^A -f hS^iPn?: 

y -iBJKJiw 1 2 or i t imt>tix 

Pbtit^Si:BaJd3E5SLt:<^0-C. 

[0007] i^<5>o#wc<»*»A»*>4»-f. +9ym^ 
y ^AojfjigdfA-A^ ^Msi^m^^ y coffittKfri: 

[00081 C cOKH'ISHi . ^ ? yW < y r > A x'J~ 

®mi&^ ( 1. 2 ox:) cfcfc^o. c^c^pg* 
.x^y Sr^*Lfc«^ 1 0 ox:tUi^)j£siatc* 

iS^-T-|B|SS//f:tm-Si't'2»«iffi4EnfI (8 5"COT) X'i> 
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[0009] 

(ioo) mmTfmfcttsm^^^zKmTft. 

Ba< Sri-, T i O3 , JjlTB STtBft 10 
) SrMKU *»oJitRF7/*hDy-^«^ 

v^BKir*Sfe*»WL-c. #tt(rc&4c«#i*Mcxe* 

df^+;W«*S*S;i:tJ:»), Kff2 00 nm£Lb*> 

W) t«TJ^ s IWBii*d6riai ( ait) ofg^sisaw 
/Uf«»*«oi fc 4 £ i £ jlWi Lfc. 

[ooioi *o*g*. sfigw^f a y-ias*sffl«iic 
t-£ 4 aa»t*i«iw* | 3e»BniK'«> 4 £ t * wis l t ^ 

4. Witfs TUSffifc U«tt^n^*>( h«A 
T*4SRO (fi^JgftatiO. 3 9 3. ) SrffiffiU 
SWfr fc IT B ax Sri-, T i Os ^ffil&fi^x = 
0 . 3 0-0. 90 -Cffl^4 - t J: 0 . **Sffl-Cii 
5KBWttt«:^«*^U1* V&ftZm® ( x S 0 . 7 ) Tt 
SSSMtt*^ U £ fc *, i 4. k Mi!&T i M%m.\t *** 
ffl&m® ( x>0 . 7 ) KtJirVCfcL *3U^iB£U:t* 
4**i;-?SJ^£kC-L#H-4fcMo. 2WftJUir£ L 30 
v VSISWMStt* 4 £ fc frgHMWcfl^ LTV"> 

4. 

[00 11] 4fcH3«fc. TSPSffii LTSHItt^ny- 
1*1^*4 SROfcffifflU DWfltfcLtBa 
x Sri-, T i Os &«J&fPi3U = 0 . 10-0. 4 0 

(Mx.(fffiyf20nmt-p«*200 Sffi. ) CO 

T£ 4 1 v > 0 . D R A M k LX t AT it L V MIHt 
*S^-C*4it«:SW«t«fiBUTV^4. 40 
[00 12] ZVttt^is+il&IkZittdXI&Ktm 
5- i$Ffl Lit 5 SBil* W!/9ff\^X. FRAMED RAM 
frfc* <Vr*9fM * 'J itmti Z b 4 . ftSlWS: 
f£*M t L X . Tfe f- 5 >' * £ j&iS L£ S i sSKJt 
(C . 1- yvisX9 ZW.omfflmkWi\,Z h 7 y>'X?<Vfg 

Hlx t * * y a- vwfcRfc ,t 9 J&t&fts i y 5 ^ & ffS L . 
f c.)J-|cx is-v/mOR* +nvs? $• f! ; i^-4 ^JiS 
( HfK^-OSaWl ) W <j h 4 . 50 
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[0013] .rco^rffite. hyy^^wlffittitS 

PSLx^^^u^/umm^vJ^^^imthzk^ 

X-Z&tztb. ffi&lM i^gMMbca L3t*i£T4> 4 . 

efSHStewr^^ hi:h*^^< : 5:4. ^S^TX^ 

'J n y 7*7 ^ iMiRx t ? # ^ + A'jfift * fc liEfflx f 
^^f ->-wl4S£fcJ: 0 JB-at4fcA<oro-fex»> ^ y H 
J4«v ^ t <0 fc & 0 » — * y f x<?) + Kifc-M 

^/iiaaji^^co7 3 7^efi^t4^<o^ss D^tit 
4i» ^yr-r^sfttfiBiHtt**^. 

[0 0 1 4 3 *»H(-|i % xt^Jf 
34l»«tt 5r ?6R L- ^ttmK^-»R ,$>4o(ixf^4f-/ 

■f4dfc£BWi-r4. 
[00 15] 

[||Ht]S-*-r4fcftiO¥R] ffa U^BIfflSBft-r 4 

W)tz*mifOSi Ui , U 3 y ggS^Mlc^iS:^ it. 
x'J :iycr> U 0 0 ) ffit«(K^ix^rtB5^ : fl't4^ 

fc* 1 on-fit . ; (om 1 corns a J: a t msito 
t , zcommm±^m^tLfz:p,2<r>mmki}^WM 

(mzi%Wi2 ixti Y- yyiSxfk £ffi£tiZk ZVffiik ■* 

[0016] zttftwcofs 1 tfci vc . ixrvmrntf 

WtfigKSix-C^4i t. 

[00 1 73 ( 2 ) tfriE* a-^V ^(OMtiSI 1 <rMMk<7) 

k i>-m\ $.nmxi0 1 1 0 0 1 laxujE* 

.Pu¥i',FI.£0 (001) ffi-C«Wi*<l*C^4C4:. 

( 3 ) ffHe^^^^ ■9<m% : nmm%<r)&ts:< t t-m 

tf. ±X®i*a~fAij4 MSiftO {10 0} BBXtiE* 
r^L<(ll^D7'X^^ MS AO {001} fflT-tt 

[00 183 ( 4 ) tKr£lS3J*fl8-y-«S A B Os T'?c 
$i-t. AllBa . Sr. C a^^^4tU 9ia!ffL^ 
=&■< t t> 1 MT'* . BtiT i . Zr. I-I r . Sn. 

(Mgi/3 Nb2/s ) » (M«i/3 Tai/3 ) % ( Z 11 
1/3 Nbi/s ) . (Z 111/3 T. :i.2/3 ) . (Mgi/2 T 
ci/2 ) . (Coi/i Wl/H ) . (Mgl/2 VVl/2 ) . 

(Mil 1/2 W1/2 ) , (Sci/x Nbi/i ) . (Mn 
1/2 Nfol/2 ) . (Sci/i i':il/2 ) . (Fei/2 N 
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bi/z ) , ( I ni/2 Nbi/2 ) . (Fei/2 Ta 

1/2 ) . (Cdi/3 Nb2/3 ) s (C01/3 Nb 

2/3 ) , (Nii/3 Nb2/3 ) , (C01/3 Ta 

2/3 ) . (Nii/3 Ta 2/3 ) *»4.**api vaatvk 

k. 

[0019] ( 5 ) msm20miim^ssmsikfz 

( 6 ) im* J r^i/?(Dm?,m2cr>nmcO'J?%:< b t- 
±1nmS0) {ioo> HX(iiEfir^Sfl<o < o 
o i > mxtntizztix^hzb. 
[0020] ifz^mn<7)m2ii. aoona-caiis 

J: OJftSSiU tiSiWSi&O I 1 0 0 ! HDUiiKf 
■&» Jt«o {001} WTfll«SiifcfflliB**-f *® 1 <n 

milt, il £9*8 1 coll-fScolSI Bn£{fi o X otxt'j'^y 

it LxmiSi l ««flEtBISf l-TJ&SS *U£$ 2 «m® 

n l -c *ut hyy-jxtbzmx-tzzb 

nmbf&mmmmM.zmtz, . 
[0021] zm-mn(o^2iza^x. 
m u\ 

( i ) wEh?yy**ttii]K*v^*±fci^H* 

tfr flM*ti, ffiE )- 5> y y X ? co 7 - XRtf H 
-Y >-€ffiO-^{i HuSB^r + ' ^ * Off JlESff 1 XtiSS 2 <o 
«S4: «««Ci8»S<iT o 4 C fc . 
[0022] ( 2 ) mHB»20M«, HWElSWfWK* 
^UTlfflBSB 1 *)«ffifcKK LTxf^Jf i^/HSftfc 

( 3 ) fflE**;<^*OlWiE»20«ffi<^flr< fc t- 

mtiK tcumsiffi iioo} Hxti]E*iMsa<o < o 

0 i } mxmL$-hx^hz.b. 

[ 0 0 2 3 ] t£& . JJe#f&HJtt>#J 2 fctJ i . HiJiE 

(c > u iya i i o o \ mx-ffi&ztiwmzm-h 
mzx *)mvw&£mL-t&xnb . istitw 

HcJH±tgi2«1KftS:^J«1-SXSi: . MIfff 1 «0US 
IS. SHBfflR. &l/W2^ffi*»$>f»ie3*lTi^** 

[0024] Zc?)*WJ}<?>% 3 Izto^X . JSIT^JBUW 4 
WALK 

( i ) mmin>vzy&witfffl&ttik.iM£i»m 

1 f^Mi 2 e>> <) -j > mm- . vm&(?ffliztmmmm 
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m2oisvaymm<i-z>Tmb. m< l^we* 

2<r)i/VnymUzb7>iSz9ZBlS.t&bbi>lz, 

zn^yyfxfb max 2 ffjmtk zwmtimt 

vmZMih&?*Bj8.thJMb ZffiltiZ b . 

[0025] ( 2 ) file® 2 nmmmmnfomiitz 

x * ;H£5K J; 9 JBjR-f * £ . 
10 3 yco { 1 0 0 1 Mt'«$flJtrtffi?r#^§gl 1 oat 

^^fi/^/^ttt«t mieisicofScotirie^uayco 
{10 0} ET«§ix^rtM{c«|6i-ri.Si* > 'i:*B B 8S 
fintiooi fflX(iiE*-aigi&« {ooi} 
±-5fc, SSI «0Sffi&Jgjfit6Igf: . ^cofS i «m® 

IZb IZX 0 , fSMt'dg 2 co^5rB^c-ri.XMfc . ^ 

mux t-^ # ^Y^jftfifc: i "mmfcmzB&t&xm 
b . z. (Dmm^mijzm 2 ovs &ihhfe2 oflt*a*> 
20 aoi-stjpiR-rsxsi:, mrfem 1 com©, row* 

ut««wt:js«3fufc b ?y^^«»js-r*xai: 

«ft-r*. 

[00 26] iC53*^|iWO*4fct5^t. WTO.SW/ 

if* L.t\ 

l/c*; 2(7)/>j3 vim* , wim^zmmmm 

t%Xo\,zm&b*th~-mb . fJE»2«>'y nv3£ 
30 fi^VffiS 1 Oi^'J a yaS^t^W^UA^'pfflO . W/E 
»2<0>"j3>'3HK*l5<-*-5Xai:. B< Lfcttfflffl 
2£O^U r» y3£Rt h 7 v^'x^ ^Bfo-fh bbUz^ 
Ccr)hyy : JX?b MsSMi 1 XtiSI 2 fc SrffiaW 

[0027] ( 2 ) fffE» 2 W«fii*1I^ESI««cia±fc: 

te^yt ii'inmz x *) mm- h r t . 
40 *s^. av-t doRtttjB 1 o«s* f «fif»a«ffi. m 2 

[0028] J£Lb^fc*3£iW£ J: D . ¥*'t' y M^X 

wmmm-ft i it f r a m & * mi d r ams^ «sai 

f 9 * il>*W-> 9 5rtfM-<J" hbv^, V ^ 

fc . - Ofcrt tc . * -f JIUA JfcSi :» >" ? 9 1 • r v V*mL 
50 X^*WC'a!) >5 . * '"v H f <r> Hz * \ ) <;■> 9 1- ft 
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[0 0 2 9] zoxozmmmtimix. *» 

[0 0 3 0] S52,£i:LT. h^y^'X? 
^ttt*>-rta*> fK&iftOS i7y7X'b+ftX'h& 

tzMzT3zcr)mitm&z.tti">x'$ h . 

[003 1] JSUbeoJ: 5 t*fKBt ifitf. xt°^^>- 
■v;l'jR««5(c3IA$it*S#fc«J:9Sie3nfc3fii3l«* 

m^mm-mmi m u:* thy wx 9 t 
zifi&%xmx'mmzmmtzz}itfX'Z , mv&<n& 

I XHSBMWfc Ufc F Ft A D R A M £ SSfcfft£-f * 20 
[0032] 

I1 1 3 , *fW8<0» 1 WSflBBSSTT* 4DRA 

•c, i iisr; 1m mm^m^mm. 2w«jr£mm.. 3 

ttTSMWEs 4ttl8«ftfniL 5tt±»«ffi, 6(iB0 

Ht£iii£. 10. 1 Ui**rt*s9tD±£m&k. \-y> 
•Jx?cr>V-x./ F W ym&t ZiSm-t&titbe^y 
97 hTy'/. 12 ttffigKIKB . 1 3 tt V -X/ K u- 
>f :~Fi«M£fiWB . 14tty-MfiKIBi (BMfclB) . 1 
5a. 1 5b{i7-KK (C^Xtt'l 5a(iy!j3yi. 

1 5 h\±?yyxn-vi,w4 h'm^fyyxf-y 
m. ) . 1 5 cii?- ^ yy°mmm (miLtfy 

KJH. ) . 15dtt7-H«<0ffl!lfije 
fHR (AUKS' 'J ayt-l h 5-f HJB. ) . 1 6 atttf 
•/ h ^yS^OV-^/FM yigfite 40 
t&MXDay-?? hryy. 1 6 btet'-y hm. 1 6 
ctttV MM)** (Witts' 'J ayt-f 1- 

54 KJH. ) , 16 d(if y btt^ffiKKIR (Witf 
i/^ziyl'A by A Ff!. ) . 17. 1 StiMSIttttlR 

[00333 i'f I1 1 ( a ) (c^-fj; -) (c. ;3S~c0Si (I 
00) JyUfet 1 £JTH- >T . *A--Ay?$$tf>}Mrt:^U0 
0) hblZ'ffl£tit: b is >■+ 1 a £-&.fti£>x v -fy^r 
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[0034] mz. (b) K^-idt. AiJT* 
JS«2 4:UTMOCVDS;(Cj:t) (Ti.AI ) N^y 
7*-vyPfcxe**i'*/wS*U:. l&Hi&SS: 1 0 
OO'Cfc LT. V-X/JXb Lt\ A 1 (CH 3 )o . 
Ti O (Ci Hs ) 2 fcJtfNHs SrftffiLT. SUM) 

[00 3 5] WZWiZ. T3VM3tlX. MOCVD 
m-z i 0 S R O & 3 y 7 * — 7MZX e ? * i" - WUR* 
Lfc. JfclRiB**8 0 0X:4:l/C* y-X^M^LT, 
Sr (THD) 2 (THDJi2,2,6,6-Thetramethyl.3,5-llep 
tadionate). RuO (C 2 H 5 ) 2 SrftlBL. BfftlRli 
tTOz fcffilHU:. KJ?l420nB-C**. $^>tcBa<^ 
t/W)-l#3 0%«B STOiSH4 5MOC VDffijC j; 0 

8 0 0'CtLT. y-X7yxtLT. Sr (THD) 
2 , Ba(THD)i .TiO(THD)! 5rfiEfflL. 
)IS£20nmt U:. RffcJiJfcLTOj SftfflUfc. 
[0036] 82(a) K^T J: 3 (C _ha5«ffi 
5 <: LTMOCVDSic^OSROSrXt^dfv-^^S; 
h^yf-1 b rtfcffirt&AX'fft, B S TO?f^ 
Lt-lkWlMWS (CMP) (c 
J: 0 S ROfcWBJl/CTSMfcU:. S RO«0^a!S(i 
8 0 0°CtL. V—XjfXb LT, Sr (THD) 2. 
T i O (THD) 2 , RuO (C2 Vh ) 2 fiXX/Oz 

[0037] JJctc. 02(b) K^-J: 3 fc . WO^** 
■ttffl«SKHHI k L "C B P S GA 6 a ^CT^.W'SOOi.ra SJgJB 

SiMlgofit BPS Gjl 6 b S-JfM L¥fflft L cOSi 
fflR7*fflSU ^-tmZ.WSi-3£Kl . 7*. -TlH-fc 
W:BPSGt6a, 6bH±*ggS-&*>*-Cfl3ifU 
fc. BPSGi6a t 6b{J6i^S„ ^Jl 

[ 0 0 3 8 ] ^(C, d3 ( a ) iZ^t^ 0 lz . SftlLcDSi 
ffiSOSBff^/bffaLT^^. f^X.(i'150iim 1?.J!gc7^JS^ 
i LX . SOI .lOflli. x^-bAvb 

mm (xyfyy) so 1 wmm. 
-jj&zm^x i>&\<\ bh^AsSo 1 rnuwy'j ? ym 

7<r>mm\t. \k<r)byyisxmtfaLmzn\xl>k dfc 

[ 0 0 3 9 ] mz. mmmmA *y^-v+y/ < r. 

1 E ) i£& fflV^T S O 1 W8Lff)*/ \) zi ym 7 IzffiZM 

*). f aflttcfettRR ( s i 02 JB) *ffl«>a*¥Jflfl:L 

T. huy^»BIB^*-TfiS»aBeiiSIH ( ST 

I ) 9 

[ 0 0 4 O 3 Klz. )W%oy? 4 V >) v/yy < -&t R 

•f S. #WX y 1-y>/mb L "Cii, SO i .RiO 

v-'Ja>'^77A^S T I £?XS i Oi ffi9*-t iLi'/t 
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yy-t-h&ftzm^. ^^zm^bitmmm (bp 

SGJH) 62rtx-y^-y^L^„ I«X7fy/ti. ± 
' .$'.!» S R Offil 5 ^l?Mft?$$00 BSTOH4SrXh 

[ 0 0 4 1 ] <Wc. £BHcWi.tf N* S^&ft££/«f 
.-K'J S i j££tt200m SK<OfflS-Ci(l«L, ^HiSrCM 
P £ t'O jmX'^ < >y ? <I t K X 0 . S^TLtr 
N'Hfy S i Jfft>&&&8&*J| ( ay?? h???) 

1 0, 1 l£JBjfrt£. £<0f£. RTA (Rapid Therma 
1 Anneal ) jfeTSOO 'Cgg, 20#\ g*3?fflSVC7-- 
;kfS;£:£J:9. N» H£4£ttlBl2&JBj£r&a 

(c. ®3 (b) izjjitioic. 'J&mra-txZimL 
X. V-X/YVA VTOfettfifcll ttiHB 
14. 7-F$15a. 15bJi. 7- F&co^y y7' 
g&BJB 15c. 7- HlScOilS^Jtffi 1 5 d arJBfiS; L"C 
F^yy'x^fcllU:. S&fc, J«3ltgttlK17. h* 
•/ hist h^v^'x^oy-^/HU-f y'lSi £fgli 

t&t&xniv?? YTy? 16a. h* -y MS 1 6 b . 
h* y F 8(0* -V-y 16c. t'.yh tgtfffiHigtttt 
BL HISBOT18£»*l/CDRAM££i£-ra. 
[0042] £«0J: ?%ffimz£ 0 , ^-^ys^^wJJB 

i&SS 9>M»LL-f 4. Tmt IX S i«« (10 
0 ) Wfflmc* S ifflRflJbfcUOO) ffifaL 

fc(Ti.Al)NA'"jr^^K (100) MiiltilL-JtS rRuOj 
SfcfcOOO) ffi(filUfc(Ba,Sr)TiQ3 gSHR&iffc 

¥W^7^'J-^^l^oUjfllxS vl t ipX' 

[0 04 3] ^-v^^h^y^^cOTfcS) 

fcifcfc. ^-Wf^tfF 7y^**?OTSfl$$fc&fMfc 
SixTU&tfrC. F ^yS^^T^ffl^jfcr&fMfcS 

t 'J -fcMMfv- : Jy <i-&Ck . £( Aft 
[0 04 4] SS2«3DS6i0S 

H4&VT15W. ttmnm 2<nmmmx'$>i f ra 
x . liiSii^ifi^ffcasic. 2(d/<ur^TO. 3 

HTSKBffi. 4U3m«dfR. SfctbSMMS. 6J±BSD 

isMrtraiaR. 10. i ui^«i/^fio.tspEefch 

3>^;b77/. 1 2mm«?yeajc^. i 

f u -r y ^«ftt£isra . 1 4 ti y- v mmm mt 



( 7 ) # BfFP 1 1-97638 

1 2 

H) . 15a. 1 5bJ±7-HS (W*<£ 1 5a(i^'J 

nya. 1 5b{±^y^f yyyw vm*??yyx 

tfisVzy-M by A HS. ). 1 5 dte7- K&tfill 
^eSffi ( Witfy 'J 3 >"M h FJI„ ) , 16a 
Jit'y b^i: h^vi^coy-x/KM >ffiffit?r 
fg^tS^c=Or?y^^hr^^. 16b{ih'yb^. 

>r h7-< k«. ) . 1 6 d(ib'-y h^wMss^ (m 

10 ilfy'ja^ Kl. ) . 1 7, 1 SteJfRSlig 
8WCA4. 

[0045] 04 (a) (i. ISl<7)IQ4^@tf0l22 
(a) ^•C«ieil^«l«X^ y #-3/tf^0^^^">'^ 

a«t;l^$3 0%WBSTOHl^t^iytC. Bac7) 
0%COB STO»JR£ffll,vC3ftiWfWR£ft: 

IS L/c. 

[0046] mz^ H4 ( b ) IZ^fi. a (C. § ^,tc 
MP££l$fflL,T. yN'UT^^KTi.ADN^Xh 
20 t LX , SWK4 . TaSflMS 3 £ * Y^S^BW-OBr-C 

[0047] ^tc. II 5 ( a ) tzifiti o |c . JKftKO »J 
tiO(Ti.Al)NJB*iJ:VS i 3£K*x-y^y^Lit. $ 

^ t . 7-5 x-? c v d s^tc ± o ^m^mmm < ^ 

tc J: 0 Tg|5'te3 *#«I6S U F 7 7H ( D R A M 

30 X'\±TU- vmzW% ) ZBtiL-fh ZhtK'^tz. 

[0048] mz. H5 ( b ) iciittj: 5 1. m-wm 
mBmtmmzm-vximitmmzfrK ivtv v 
r?yio. n zm&L . s o i mm<iz y- y 

[0049] -e^jjSai. ^^^y ^JRi: LTSSIStSfrlK 
CDRh 0 fc3imft*K <iil - * <G»8WttBi60C / 

fflLit^fA^^tc J: •? F RAM£0iSW«il2$^Lfc. 
^tt^Sfcintf. SflOSIBtMlfclSlttoSil 

40 -W^^xS^tti^^^t'^^^, 

[00 50] SF$3«5«siBg® 

MinmrdT&z^tmmx'foz, . cn^^ntfeo 

T . 6 1 USB 1 SSKE?E-1^SHc»R . 6 2 Jiy < 'J 7'^^ 
^. 6 3U7V-M8ffi. 6 4tt1jWS««M8. 6 5«« 
w^M'^Si, 6<±«v^ib^ffl«e^«. 7liJK9£;foii- 
8. 9{±*-i'-|B»>aBe»ji8. 10. llltt-v 
.M-v^£7xKa!'fE#!t b 5>y>-'x^c7)y-7./'KU -f >m 
$«l2t^5tA«o:' y? ^ h Ty?. 1 2<iMSSte 

to {SB. 1 3idy-7.,'i-u i >^wmm.m. ia\±y 
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-MfiSMRdWiait) . 15a. 15b«7-Ktt(W 

H£i 5i\lii/Vzr/!§^ i 5bli^yyxTyiy>JV 
4Ym*??v?z.T>m. ) . 15c(i7-K^eo^f^ 
>y7*ig&!& (MiHfi/yay^ F«. ) . 1 5 
dli«7- KgOfflfittttlR ( Witfi/ D 3 V-M h 54 
)J6 a Jit: -y MRfc h7>i/A?<7)V-X/ 

v^jym&tzmmi-&tzit>coa>?7h7'77. 1 

6 btft'-y M5L 1 6 c(it'-y hJSco^r ^ -y THUMB 
(Witf^'Jay-M h54 KJI. ) . 1 6dttt:-/h 

mmmmm ( w*tf ^ u a y?M h ? a h«. > . 10 

17. 18ttfll8»6tt0r?&*. 

[0051 ] 41*H6 ( a ) t^tJ: 3 t. £$-<9Si (1 
00) ffiK6 1&fflwC. **^is?%Wibiktstdsb<r>(\ 
00) #ffi-Cll*ii.fc vf - *&tt*«r ffifc J: 9 JB« L 

1 /<■ ^<Wtt«riltlMit»jfttT, 7V-Mffi<7) 
-SPt LXh&\ 

[00 5 2] &t. A'J7&JKil6 2b LTMOCVD 
ffitiO (Ti.AI ) NS3>-7«-?;HClW*J/* 

j£S£i&!££ 1 0 0 O'Cfc U V-X#Xt 20 
LT. A 1 (CHs ) s . T i O (C 2 Hs ) z 
NHj fcffifflU JKVttlOnnfc Lfc. 7V- 
MW63fcl/C, MOCVDj£tJ:9SRO£xt';*4f 

) mx b vmt LXH&mmmim (cm 

P ) t i 0 S R O £ flf £ LT TOIL L -fc . S R O 
faOS«8 0 O'Ct t . V-XUXt L/C . Sr(TH 
D) 2 . RuO (C2H5 ) 2 a»'O z fcffifflU WM- 
{420nmi: Lit. 

[ 0 0 5 3 ] ifct: . H6 ( b ) I/ZtrtFJ: 0 t. 4M3KOR 30 

1 EjfcfcJ: ") . S ROTV- MM 6 3SWtL 
t, (Ti.AI)NA'iJT^^;P6 2fcJ:V : S i/BSrX.yf-y 
7LX . BVH/VfeiatMLfc. 

[0054] »Ct. 07 ( a ) fcTri-f «k 3C. B acD* 

;kft$ 3 0 B S T on® 6 4 £ M O C V D j£ t J: ") 

ayyt-iMZfUglfz. j£Kfflftii8 OOVt L. 

V-XtfXkLX . Sr (THD) 2 . B a. (TI-ID) 

2 . T i O (THD) 2 2U>'02 £f£JJJLT. |RJi£20 
nnk Lfc. £<9fc£. SR07\s-bW&63<7)b\/y 
^IBHMMHCfc^Tli. BSTOjlffit6 4<4 (100 )# 40 
iiLZ-X *>-WH£* Lfc . h U >"*-<sWK8M> S i 

BSTO«6 4jW&iUJ*tfc. 
[ 0 0 5 5 ] iXiZ , l&ttmtffiteO 5 i: LT M O C V D 
?2;t ,k 0 S R O & X f 9 * ~s A* /Hfcft £ -H-T 1- >"f-|^l 
*flM>&/Wfffi. B S TOK 6 4 h y.'^ik LT ft 

'mmmmm (cmp> t ,t s rouso 5 swig 

LT WftL£. S ROOMRJKfflKttS 0 O'Ct LT . 
V-XtfXblX* Sr (Ti-lD)j . RuO (Calls 
) 2 m'Ot *r(!CfflLT. BSJ9$20nmkLJt, 50 



1 1-9 7,6 3 8 

1 4 

[00 56] B 7 (b) |cS%tiaiC. ftS^)^ 
itm&m&tLXBP SG%6 <xZMll£500nn 
f&l. WitfCMPffi*4ft:J:»)TfflftLfc. 
^fSffl(c B P S G jg 6 b $:ffM LTOIt U^mzoSia 
«7$:JU»U »-fc«Z«Sia«6 1, 7Sr-¥ii(bL 
stBPSGJIH±«rggS-&t>*T:fiMltfc. BPSGJg 
6a. 6btt6fc*«. «»t<i. ^JK0*«6. Mitf 

[0057] ^t. 08(a) Iz^cfi O (C . ®Z«Si 
ffiM7cOKtB*'•^»^iff®L.•CV^$, «i(f 150mi SK<»DW 
$i LT. SOI iWfUl. ^-7-h/7 7 

BR*JfeSrfflv^rtAv\ t*>^. S0liS«o^y3 
yJi 7 co^iiilifSco h 5 y-JxffiftxWiZffiLh X o 

£mmm%tix\\t. 

[0058] a^t. MitfRiBtt'f TfVX y ^-y / ( R 

ie) &zm->xsoi3m<r>i'ij?>m7izmm 
| 9, *«o»teiMHR ( s i 02 ;g) satta^^Ha-ftL 
t. v^*»«9>* hwyf-^^ossflaftoieiMa ( st 

i ) 9 £ffM-f act. 7 * h-u y 7? 74 — 
mt r t EmKcWTyx-zx-yj-yyzm^xmsi 

SUHP-fS. ieOtSOX-yf-y^ifettfcLTJi. SO 
IJf(7^i'' l Jrjyl7kSTItOS i O2 )f9$rkt»tx 
•yf->'/'r&*tt*ffl^. S <•>£ B P SGJD6 SrXyf- 
«l«»BWffitf3SROIUI6 5^SW 
«5n«t<OB STOJK6 4*7, b y^'-k L-Tffl^-CMK 

mzx.v+yr'Zx b vTZ-£&b&\<\ 
[0059] act. smtzmuf n + fB^tenit*^ 

S i JR£ft20OnB W&<V®W-X'im L . ^ISi&CM 

p * if doirarcx . y +y < -y ^ t s ; fc t j: o . wbuz 

10. 11 £JFM-<r6. ;<0f^. RTA (Rapid Therma 
I Anneal) ^^800 TJfiilg. 20#. 

/H-s; t ti ") . n + msti£itfeJi 1 2 ^ffM-fsac 
t. as (b) t^i-j:ot, mi(r>mmmtmmz 

y v a y*mmi$m is. y- \-mm 14. 7- h 

*81 5a. 15bfr£,%&by'yi'X?*?. b'-yMKl 
6blf*Jg|«Lfc. 

[ 0 0 6 0 ] Z.<r>£ 'j ^fMt,t 0 . ® 1 

BfiBATU-MWfi. S«8«c. W«lt««0 

MO )B L^A^|fi^j*t'Mli!cSii'C^&^t. X 
t V ■zji<?)Ti s << yiv-iv-fr 0 • 1 /< m OT t/h$ < 

[006 I. ] jf54 c?j^M)EM 

n 9 mtm i o (4 . >f^'!H^iR4 wyyi^jgi-cifc & d r 

AM<m^&.S-*tWMfflX'$> h , .lil^cOPItfc^ 
-C . 9 I. {431 1. tSCGS? I'^f^lK . 9 2«n* TrftJR 

/a. 9 3(4fEfnrWff^K 9 4ii5%%fmm. 9 sitr 
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justs. 8. 9u$?isi*Mitie£fBL ioo, io m 

yt'tiffit Sfg&-f 6 fcAton y ? ? h 7- -5 1 2 UN 

MteM. i3«y-x/h*Mv^«fljj£ayi. 14 

KifeSill (SHfcJi) . 15 a. 15 bti-7- h'f& 
(fflitf 1 5a{£i--'jr/yjf. 1 5bl^y^f>x 

•j^ Ym*?9vyx^ym. j . 1 5 c«7-k«*> 

^•y7lg*£§| (Witfi/'jny^ Ffl. ) , 
1 5 cH**7— Kift03MSt6MUR (GU(f i-l^y^M V 
y<< HJB. ) , 1 6 alifv hISi: h^yyX^y- 

*\ 1 6blit'yMg, 1 6clit'7 M&5D*^-y7l£ 
J8H (0U(i':"Jt?y^ h^-f FJB. ) , 1 6 dtttf 

ii. ) . 17. i8temmmm*fo&. 

[ 0 0 6 2 ] £ -f HI 9 ( a ) Kijrf «fc 3 £ . ?f5-c0Si (1 
00) 3«9 larJfl^T. ^^^SWM^rtWU 
00) -/rfircffliiifc M'y-*-£4Hai<9#ffifcJ: WML- 
t. Clot*. jg^tEfC. hl/yf-WJi^icif^O. 

[0063] AiJ 7&«ffl9 2 i L-'CMOC VD 
>£k:J;9 (Ti.AI ) N*ayy*--?>MZZ.\Z?*y>r 
foU&lt:. j£Kffi££l OOO'CiU V-x#xb 
LX: A I (CHs ) 3 , T i O (C 2 Vh ) 2 fcilN' 
N 1-1 3 JffifflL. JKJWilOrwi: Lfc. 91***. ffiffiS? 
«®fiS9 3i:LT. MOC VDifcfcJ: 9 SRO&xf* 
Jfi'-WH&KStfT hl^yf-rttfflrta^m. (Ti.A 
I ) N 1- -y y tJH fc LT-fk^Wffl«WW®ffi ( C M 
P) KJ^SRO&ffigl/t^Fffl-ftL.*:. SRO<Ofi£flft 

8 0 0°Ct I . V-AijA t LT. S r (TH 
D) 2 . RuO (Ci Hs ) 2 &X/O2 Z&mL. Jiff 
t±20imt Lfc. 

[ 0 0 6 4 ] mz . 09 ( b ) IZnii k 0 [z . i^fl^R 
I 17. &(C «t 9 . S R omiMS 9 3 5- ? t L 
T. (Ti.Al)N/N''jr^^A'92^J:t/S L/ffi£x>yf-y 

[0065] Jfcfc. 1110 (a) iZTptZolZ. Baco 
*yU** 3 0 %<D B S T O mm 9 4 £ M O C V D i£(C J: 
>-)'jyy *--?MZ)mLtz. j£jytiB£tt8 0 OX* 
L. V-AtfA.tLX. Sr (THD) 2 . 13a (TH 
D ) 2 . TiO (THD) 2 MfOz SrfliJTlLT. TO 
£20nmi: It. .I^i* . S ROt!i?^fjffEffi9 3c9f- 
Isy+m&MiZto^Xtt. BSTO{Sfl89 4ti (100 

S i&ftbKti. jfi/B!+tJEJjR5ixtiB!ftllB*j>LT^ 
i&fttt B S I • Oflj! 9 4 #tfM $ iltz . 

[0006] . r u - h vEfti 9 5 1 1 x m o c v d 
£(.:,): 'J S RO£xt'?* i^'/HS-fiS-ti-T l^>':M A l 
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^Sfta^'t*. B S TOM9 4 *A h -y/mt IXit 
¥ff}®mM®& ( C M P ) t J: *) S ROIg 9 5 £SJf«g 
LTTffl-fttfc. SROcO^Ma;4Ji8 0 0 e Ci:L.-C. 
V— Afj At LT. S r (THD) 2 . RuO (C2H5 

[0067] &(C. H 1 0 ( b ) t*t± 0 ft^O^ 
t>-frffll6^Kt LT B P S Gl 6 a &0U<f 500nm 

S'J3iS4Ba(c B P S Gl 6 b Sr^fS L-Yffl-ttU^HWSi 
10 »R7 5rffl«t. ^-tSZ«0SifflS9 1 , 7 S-f-fi-fb 
UfcBPSGJBR|±*K&^i»li-Ca»Ufc. BPSG 
16a. 6b<i6t^S. «f«{Ctt, ^l^^ffi. Wi 
{f 9 0 O'CgS^^SSrffl^^,. 

[0068] ace an ( a ) iz^t x 0 1, a^zio 

SiSte7<7)Sifii*><bBf@LT^*. ^R{fl50nm SKO 

19-HklX. SOI SK^ffMtS. iOflfc. 

■y h^s<0Sf#, Wig (x-yfy/) (cisso \micr> 

20 ■3t«iBWffi3fl.-C^S. 

[ 0 0 6 9 3 mz. 04 i tf RJSStt >f ^ >x y -7- y ^ ( R 

ie) &zmv>x so umwy v a >®7i,z-mM 
9. *<o?iifc:*eii»K ( s 1 02 jb) ifflfta^Tiu-fiiu 

X . ^*>W>* hU>^^«aw*flBMMBe»IR ( ST 

I ) 9 5rffMt&„ ft(c. a»<?)7 =r h 'J V Y'jV 4 - 
ffit R I Em%b'co?7X-?z-yJ-y7-$:m >Xi%mil 

imn-i-i. z^tt^y^yy^tt-tLxa. so 

l mcOy'J 'J yM7 1 ST \ <DS i O2 Jf9&fcifc:x 
•yf-y^-fSlS^fflVV 3 UZBP SGm6RtfB S 
30 T0^9 4*:X-yf-y^-rS. Zcom. IS^*»ffi<^B 
S T OflU 9 4 S: X N -y y <- 1 LT ^oMSBT-JRx y f- 
y^5-ih^. ^<btcBSTOffii6 4$:X-y?-y^*-r 
I. ^ fc C J: 0 . ig&TLIKIT-x 7f>/lff,o^ rlSiSI- 
hZtA^imXhi. h'hhL. «?sf¥a«ffi<7)SRO 
)i9 3 ZA h vJS-k LTffl^TJMtRWtCX -y^-y/S: 

^ h v * h z i {, "mxih 1 . 

[00701 act. ^ffi(^(yi)x.«fN 4 mwtotG/JZ 

;K 'J S I JR£ft200ra SjKOfllff-cmSlL . ifell'^ C M 

40 N*;K'JS il^^^SaiiAffl (^y^^h7 , 5>/) 
100, 10 1$:j^-S. Zcr>m. RTA ( lfc»pid Th 
ermal Anneal ) ifcTSOO "CSUg. 20f>. ^#H^TT 
--/H'S ^ fc (c «t 0 . N' MIMteMtJi .1 2 SrJBiaM-& 
mz. mil (b) ffil^HifeJBSfcR 
$(cLT-£3UWn-bx$:f$fflL. 1- Jyy'Afcoy- 

x/ v u-f y^«*Kfflya 1 3 . y- h^m 1 4 . v 

-Ml5a. 15bfrb^l-7>-yXj^. b'y 1- 
i*l 6 b^SrffifiltLt. 

[ 0 O 7 1 ] ZOX ftmiSLiz J: '5 . $ 1 <0^A6»i: 

50 mzyn&tftmx'Zk. zuz. *-\-.><i>-9 wo) 
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1 7 

isrBi#7v- mme. mm. wrnmm. mmo 

* 'J * ;KOr-f -f y 0 . 1 u m OTfc/hS < & 
t S t *»B*"r ffifc* * v *3 *g> fctttSMte § . 
[ 0 0 7 2 ] *IMBIiJJSHI«SRlCffiJgS*ii 

[0073] 

fc**C& , flfjJtt^Sv^AfflltUeDR AM 

^FRAM^aftiMngt u *fiBH«xn6*jffi(fi{iffi 

[013 3»^«JB 1 <09MBB!lStc*»*»S * * U -b iV 

[023 m 1 (eft < *3ffiH*)SS 1 «5K MSBffit: A»A> & 
^ t 'J ^«fiitIJl£fctffirIIu0. 

[H3 1 n 2 tft<**B j g<oig i nmtmmzfrfrh 
[ m4 ] xminrn 2 <onsee.n t*>*»s ^ * u -t >i- 

[06 3 *ffflH«IB 3 OlOB»!!ltA»*»S^ * 'J -fe/W 

[073 0 6 left < *f&njJ»SP5 3 «SI JBB!il(eA»a» & 

[08 3 @7t«<*fKB«IB3^i69Bffit:A»*»S 

[09 3 *f^«ffi4«HiSg©{c*>A»S^ t 'J -tryu- 



1 8 
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FPAR: 

SOLUTION: Using a first Si substrate 1, a trench surrounded by 
(100) 

orientation for embedding a capacitor is formed by an etching 
method. Next, 

(Ti, Al) N is epitaxially grown as a barrier metal layer 2. 
Subsequently, as a 

first electrode 3, SrRuO<SB>3</SB> (SRO) is epitaxially grown 
con formally. As a 

second electrode 5, SRO is eqitaxially grown and embedded in the 
trench. Next, 

a groove is formed in a silicon layer 7 of a SOI substrate, and 
an insulating 

film is embedded in the groove, thus forming a trench-isolated 
type element 

isolation film (STI) 9. Using etching conditions based on this 
STI 9, a 

source/drain impurity layer 13, word lines 15a ad 15b and the 

like are formed, 

thus producing a transistor. 
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